Abstract. Timetabling problem is a problem that involving fixed time slot with the wide variety of tasks that require the constrained resources that's often occur in university. The problem consists of various conflicts such that lecturer demands, availability of lecture room and course sections. The purpose of this paper is to minimize the number of time frame used with no conflict occurred. Making plans timetabling is one of the maximum complex and errors-susceptible programs. There are still extreme problems happening and those issues are repeating regularly. Consequently there is a notable requirement for utility dispensing the courses evenly and without collisions. Graph coloring algorithm is one of the used algorithms. Due to this problem, we will use graph coloring approach in this approach involving two methods which is vertex coloring and edge coloring. As a result, we are able to generate a weekly timetables in university in a typical semester in university.
INTRODUCTION
Timetabling problem is the most complicated and error-prone application which is one of the serious problems that repeating frequently. Timetabling is about allocation, the constraints of subjects to the object in the space-time domain that are needed to nearly satisfy the desirable objective for the problem [1] . In a university, the timetabling course in faculty is one of a scheduling problem since in the faculty has many courses, but the time and space are fixed with a sequence of the meeting between lecturer and students. The goal, when solving timetabling problems, is to satisfy all hard constraints and attempt to accommodate the soft constraints as much as possible in order to produce a high-quality timetable. All hard constraints must be satisfied in order to obtain a feasible timetable, whilst soft constraints can be violated if necessary, but each is penalized. The smaller the overall penalty value, the better the quality of the timetable [2] .
A huge variety of timetabling models had been described in the operations research literature. Graphs and networks have been proven to be useful in the formulation and solution of such problems [3] . Moreover, timetabling problem is very popular among institution and school for planning a course or subject timetable [1] and also examination timetable [4] . In timetabling problem the graph coloring and room allocation was combined to provide a basis of flexible and widely applicable timetabling system [5] . Method of graph coloring is one of the various approaches to timetabling problem which have been used in many research all over the world. In a study of graph coloring methods, researchers found that many algorithms of graph coloring methods can solve real-world problems such as Ant Algorithm, Local Search Algorithm, Tabu Search algorithm and etc. This graph coloring mostly studied for NP problem of graph theory, completeness theory and operational research. This is one of interesting solutions to application such timetabling where it is justified by its diversity. In this problem, the focus is on vertex and edge coloring method to optimize the time frame used [6] . The graph coloring problem is to assign colors to certain elements of a graph subject to certain constraints. Vertex coloring is the most common graph coloring problem. The other graph coloring problems like edge coloring can be transformed into vertex coloring.
In this study, the method that we used is graph coloring method. This method is to certain constraints. In this method, we study approach of graph coloring which are vertex coloring approach and edge coloring approach. For this study, edge coloring will help to define the conflict between courses and lecturers. While, vertex coloring will identify the conflict of different student group taking a same course section.
By implementing graph coloring method, we obtain the colors to be assigned into the timetable of 40 time slots. To assign the colors, we need to consider the room availability, the different colors of a course should be not on the same day, the maximum number of courses of each day, time gap and additional courses.
GRAPH COLORING METHOD
From the data given in case study 1, a bipartite multigraph can be constructed with a combination of data from since they are sharing same information such as there are different class but same lecturer. For a graph, we will use lecturers and the course's section as vertexes and the constraint occurred between them as edges. The solution to this small data will be solved by using both Vertex and Edge Coloring Method. The bipartite multigraph, ! for the edge coloring is constructed. Every edge will be a duplicates as a division of lecture section and tutorial section.
After that, we will use a matrix as a step to construct another bipartite multi graph, ! for vertex coloring graph. From this vertex coloring graph, we will apply the regular coloring because this vertex coloring graph is used to solve the conflicts in the edge coloring graph. The metrics are used to facilitate to change from edge in the bipartite multi graph, ! to vertex for bipartite multi graph, ! . The matrix, = !" where i and j are representative of edge of ! . !" = 1, if edge i and edge j connect to the same vertex and !" = 0 if edge i and edge j not connect to the same vertex. By using the vertex coloring graph, ! the colors will be transferred to the edges of the bipartite multi graph, ! to transform the bipartite multi graph into an edge coloring graph. The vertices in ! are representative of the edges in ! . After that, we use all the color of the vertex in ! to color the edges of ! but for this case, we have a special edge which we will not include it in the graph. For that edge, we will assign another color which is different from all the color used in ! . For that edge, we will use black color as a new color for the special edge because of the constraint is different.
Meanwhile, to solve timetable problem with the rest, which is case study 2, we will use only vertex coloring graph because the conflict of those classes is about two different classes that registered on the same section of the courses offered. A bipartite multi graph can be constructed with a combination of data onto 3SSCM, 3SSCE, 4SSCM and 4SSCE since they are sharing same conflicts. For the graph, we will use the courses as vertexes and the constraint occurred between them as edges. The solution to this small data will be solved by using Vertex Coloring Method and we will apply the fractional coloring method to get the optimal result of this problem. The bipartite multi graph, ! for vertex coloring graph are constructed.
DATA DESCRIPTION
In the Faculty of Science of Universiti Teknologi Malaysia (UTM), the timetable is generated manually by a faculty's staff by using the information on courses and lectures given. The timetables as usual for every semester will not finalize until the second week of semester because of the conflicts occur. On the faculty, there are three departments which are Department of Science, Mathematics, Physics and Chemistry but for this study, the focus has generated the feasible timetables for all classes in the Department of Science Mathematics.
This research focused on the study of the application of graph coloring method in scheduling problem. The data of the study are taken from a Department of Mathematic Sciences, Faculty of Science, Universiti Teknologi Malaysia Johor Bharu for semester 2 session 2016/2017 can be taken from the office of the faculty. This research design requires a timetable that consider on 40 time slots within five days from Sunday to Thursday, 8 am-1 pm, 2-5 pm. In this case, there will be no capacity problem of the place or classroom, but we will minimize the number of rooms to six rooms available for a time slot.
For this problem, we will focus on constructing timetabling for all classes of SSCM (Bachelor of Science in Industrial Mathematics) and SSCE (Bachelor of Science in Mathematics) from first year to fourth year program. Then, there will be different courses can be taken by any lecturer or students for the given time frame. Furthermore, the time frame will be reduced to 32 time slots for fourth year's student due to the final year project's activities on Tuesday. Two sets of data that contain courses, lecture, and class section were investigated using graph coloring methods. The data were taken from the office of the Faculty of Science, UTM and the data can be seen in Table 1 and Table 2 . 
To solve this case study, there is some assumption will be applied. So that, feasible and possible timetables can be generated by the free -conflict. The assumptions involve are:
• There are 6 lecture rooms and 2 computer laboratories available for each time slot.
• Lecturers and students are free for other activities.
• A time slot 1300-1400 is reserved for lecturers and students to rest.
• No problem on the capacity of the rooms.
Then, the Graph Coloring method is chosen to solve both case studies which we use Edge Coloring Approach and Vertex Coloring Approach. Besides that, both approaches has been solved using Degree of Saturation Algorithm (DSM) with follow the steps given as follows:
1. Start with the node that has the maximum degree. 2. Color the current node with the lowest available color. 3. Select the next node by selecting the node with the maximum degree of saturation. This means that you have to select the node that has the most number of unique neighboring colors. In case of a tie, use the node with the largest degree. 4. Go to step 2. Until all nodes are colored.
Another assumption will be considered when the colors assigned into the time slots of a timetable. The assumption is given as stated below:
• Two colors of a course should be not on the same day.
• The maximum number of courses taken by each class is three courses for each day.
• Time gap between two courses in a day in order to give them to that particular student or class to attend other classes.
• Other additional courses from management faculty and language department as core or elective courses.
A possible result of the timetable is generated by free-conflict and given the optimal solution for a university course timetable. Table 3 shows the timetable obtain based on result in case study 1 and case study 2. The table is used for 1SSCM, 1SSCE, 2SSCM, 2SSCE, 3SSCM, 3SSCE, 4SSCM and 4SSCE. Table 3 is one of possible timetable that fulfill all the assumptions. In our case study, the method that we used is graph coloring method. This method is to certain constraints. In this method, we study approach of graph coloring which are vertex coloring approach and edge coloring approach. For this study, edge coloring will help to define the conflict between courses and lecturers. While, vertex coloring will identify the conflict of different student group taking a same course section.
RESULTS AND DISCUSSION
By implementing graph coloring method, we obtain the colors to be assigned into the timetable of 40 time slots. To assign the colors, we need to consider the room availability, the different colors of a course should be not on the same day, the maximum number of courses of each day, time gap and additional courses. Therefore, we achieved to generate a feasible and free-conflict timetable. Table 3 , the colors in the timetable obtained from the graph in case study1 and case study 2. In the timetable, every time slot will have their own color. The colors in the timetable are presently of courses, lecturers and rooms.
.
CONCLUSION
As a conclusion, the study is to implement Graph Coloring Method in solving timetabling problem and optimize the number of time frame required. From the result in the case of study, we proudly say that we have achieved the objective of the study with no conflicts occurred when, after the implementing the graph coloring method in our problem to generate an optimal timetable. Besides, in solving this case of study, we apply graph coloring method that involved vertex and edge coloring approach. Based on the constraints restricted in our problem, we can decide either to use only vertex coloring or vertex and edge coloring to solve this problem. The possible timetable is generated with fulfill the following assumptions which are the number room available for every time slot in this case are six rooms and two computer laboratories, two colors of a course should be not on the same day, the maximum number of courses taken by each class is three courses for each day, consider the time gap between two courses in a day in order to give them to that particular student or class to attend other classes and reserved some time slots for additional courses from management faculty and language department as core or elective courses.
